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ABSTRACT 18 
Thermal treatments have the effect of reducing the hygroscopicity and improving the 19 
resistance to microbiological attack of wood by the degradation of its chemical constituents. 20 
During the treatments, the mass of the wood is reduced, a factor that can affect the quality of 21 
the materials according to their use. The objective was to verify the effect of the thermal 22 
treatment variables on the thermogravimetric properties and the chemical composition of 23 
Eucalyptus grandis. The treatments were carried out in a vacuum oven with three atmosphere 24 
conditions - vacuum; N2; vacuum+N2 at temperatures of 140, 180 and 220 °C for 6 hours. It 25 
was observed that the mass loss during treatments differed only according to the temperatures 26 
used. The extractive content, total lignin and holocellulose presented significant changes only 27 
at 220°C in all three atmospheres. In the thermogravimetric analysis, the greatest value of 28 
residual mass was found in the treatment that used nitrogen and 220 °C, thus demonstrating 29 
that this treatment was more invasive, leading to the conclusion that the vacuum application 30 
can help to reduce the degradation of the constituents of the eucalypti wood. wood, which can 31 
lead to the production of thermally treated wood without great losses in the mechanical 32 
properties. 33 
Keywords: Eucalyptus grandis; chemical composition; mass loss; thermally treated wood 34 
Thermogravimetric analysis. 35 
 36 
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INTRODUCTION 37 
 38 
According to Xing & Li (2010), wood, for some applications, may require greater 39 
biological durability and better dimensional stability and, according to Inari et al. (2007), 40 
thermorectification or heat treatment is a way of modifying the chemical characteristics of the 41 
wood. For instance, Ayata et al. (2017) cited significant improves on the resistance to fungi 42 
decay for both softwood and hardwood species. Furthermore, Yildiz et al. (2006) add that the 43 
heat treatment can modify the aesthetic appearance, hygroscopicity, and weather resistance, in 44 
addition to improving dimensional stability and durability. This mode of treatment of wood 45 
can be done in a number of ways, varying the temperatures used, the time the material 46 
remains exposed to temperature, the atmosphere of the treatment site and the catalyst used. 47 
Also, there is the influence of the specific characteristics of the treated wood species. 48 
During the application of the treatments, the mass of the treated parts reduces, and the 49 
authors Welzbacher et al. (2007) reported that this decrease due to the heat treatment could be 50 
a reliable and accurate parameter to predict the resistance to decomposition of the thermally 51 
treated wood. 52 
Esteves & Pereira (2009) subjected wood samples to heat treatment in an inert 53 
atmosphere, with temperatures between 200 and 230°C, and verified a reduction of the 54 
hydrophilic characteristic of the wood due to the modification of the carbohydrates and lignin 55 
present in it. Likewise, Martinka et al. (2014) report that using thermal treatment of spruce 56 
wood increases the lignin content, reduces the proportion of hemicelluloses, and also slightly 57 
reduces the degree of average polymerization of the cellulose. These authors further describe 58 
that these modifications occur when increasing the maximum temperature and the treatment 59 
time. 60 
At temperatures below 150°C, the volatilization of some extractives and the loss of 61 
free water while above this temperature break the chemical bonds of more stable products, 62 
leading to the formation of acetic acid, formic acid, methanol, CO and CO2 (Bourgois & 63 
Guyonnet 1988). Dehydration of the wood also occurs through the loss of constituent water, 64 
detected by the decrease in the concentration of OH-groups present in the wood. According to 65 
Fengel and Wegener (1989), the heating of cellulose at high temperatures and in air 66 
atmosphere leads to the production of carbonyl groups and hydroxyl groups due to the 67 
presence of oxygen. However, hemicelluloses are more susceptible to chemical reactions of 68 
degradation and less tolerant of the action of heat due to the presence of hydroxyl groupings 69 
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and their amorphous condition Watanabe et al. (1989). 70 
Other studies may show that some treatment variables affect the final product more 71 
than others, as found by Zanuncio et al. (2014), who verified that the temperature used was 72 
more effective in altering the chemical composition of the wood than the duration of the 73 
treatments. Moura et al. (2012), for example, by investigating wood of two different species, 74 
Eucalyptus grandis and Pinus caribaea var. hondurensis, found that the increase in the 75 
maximum treatment temperature resulted in higher mass losses, and they also mentioned that 76 
the losses were higher in the former than in the wood of the latter species. Thus, also relevant 77 
is the chemical composition of each species of wood, especially between hardwoods and 78 
softwoods. The composition of the hardwood hemicelluloses has an influence on the greater 79 
loss of mass. Softwoods contain mainly arabinoglucoronoxylan and galactoglucomannan, 80 
while hardwoods contain a lower amount of glucomannan and mainly glucoxylan, which are 81 
strongly acetylated, compared to softwood hemicelluloses (Fengel e Wegener 1989, Sjöström 82 
1981). In addition, acetic acid released during the deacetylation of hemicellulose catalyzes the 83 
depolymerization of less ordered carbohydrates such as hemicelluloses and amorphous 84 
cellulose (Prins et al. 2006). 85 
The atmosphere conditions used for the thermal treatment, such as vacuum, nitrogen, 86 
steam or other one that limit the O2 concentration, can influence directly on its efficiency and 87 
final quality (Wentzel et al. 2019). Araújo et al. (2012), comparing wood treated in the press 88 
and in the vacuum oven, concluded that the thermal treatment in the press can produce 89 
undesirable effects on the mechanical properties, while the material treated in the vacuum 90 
oven with a controlled atmosphere obtained lower losses in the same properties. In the same 91 
way, Araújo et al. (2016) also verified that heat treatment in a vacuum resulted in a modified 92 
wood that was less hygroscopic and significantly different when compared to wood treated 93 
under a nitrogen atmosphere. 94 
Candelier et al. (2013) used vacuum and nitrogen atmospheres with a temperature of 95 
220°C in both, and concluded that the effect of the vacuum allows the removal of products 96 
from the degradation of the volatiles produced by the wood. This removal has the 97 
consequence of limiting the acid degradation of polysaccharides, a phenomenon occurring in 98 
the treatment with nitrogen, for example, due to the formation of acetic acid and the 99 
recondensation of products of degradation of the volatiles inside the structure of the wood as a 100 
result of the non-activation of the vacuum. 101 
In this way, knowing that the heat treatment and its variables are the cause of the 102 
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chemical degradation of wood and consequently generate a loss of mass in the treated 103 
material, it is possible to say that control of the mass loss can be a way to control the quality 104 
of the wood. Therefore, this study is based on the investigation of the effects of heat treatment 105 
variables, temperature and treatment atmosphere on the loss of mass of the treated wood of 106 
Eucalyptus sp., seeking to answer which temperature and atmosphere should be used 107 
according to the purpose of the wood. 108 
 109 
MATERIAL AND METHODS 110 
 111 
2.1 Heat treatment 112 
 113 
 Eucalyptus grandis boards were obtained from a sawmill located in the municipality 114 
of Viçosa/MG, Brazil. The planks were conditioned in a dry, airy, covered environment, 115 
arranged in stacked cells, until they reached a moisture content close to 12% (dry basis). The 116 
initial dry weight was calculated based on the 12% initial moisture content. Subsequently, the 117 
material was sectioned in pieces with mean dimensions of 60 x 7.5 x 2 cm (length, width and 118 
thickness) and subjected to selection, discarding visibly non-standard parts or defects such as 119 
knots and cracks. The samples were then identified and their mass values checked for 120 
subsequent calculations of the mass loss of the respective treatments to which they were 121 
subjected. 122 
 The heat treatment of wood was carried out in a Marconi vacuum oven model MA-123 
027 (São Paulo, Brazil), equipped with temperature, pressure, and vacuum control, and gas 124 
application. Treatments were applied in three atmosphere conditions - vacuum; nitrogen (N2); 125 
vacuum + nitrogen (N2). For the first two conditions, the material was placed in a vacuum 126 
oven already heated to the desired temperature, which was then applied for 6 hours. For the 127 
third condition, the samples were subjected to three levels: one hour at room temperature in 128 
the vacuum; one hour at 140 °C in nitrogen, and four hours at the desired final temperature in 129 
the same atmosphere as above. 130 
 131 
2.2 Properties evaluated 132 
 133 
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 In addition to the values of mass loss, the structural chemical composition - contents 134 
of extractives, total lignins and holocelluloses - and the thermogravimetric properties of the 135 
samples submitted to each of the treatments were evaluated. 136 
 The extractive contents were determined according to the TAPPI 204 om-88 standard 137 
(TAPPI, 2002). The total lignins contents were estimated according to the methodology 138 
followed by Pereira et al. (2013). Holocelluloses contents were determined by difference, 139 
subtracting from 100 the contents of extractives and total lignins. 140 
 The thermogravimetric properties were determined in a Shimadzu DTG-60H 141 
apparatus in an atmosphere of nitrogen gas at a constant flow rate of 50 ml/min. The samples 142 
were ground and selected between 200 and 270 mesh overlapping sieves and were subjected 143 
to controlled heating at an average rate of 10 °C.min-1 to the maximum temperature of 600°C. 144 
 145 
2.3 Experimental design 146 
 147 
 The experiment was conducted in a completely randomized design (DIC), in a 148 
factorial arrangement, consisting of three atmospheric conditions - vacuum; nitrogen; vacuum 149 
+ nitrogen - and three final temperatures - 140, 180 and 220 °C, in three replicates, each 150 
having six sample units. The data were submitted to Analysis of Variance (ANOVA) and 151 
when significant differences were observed at 5% of significance, the means were compared 152 
between treatments by the Tukey test and with respect to the control by the Dunnett test. 153 
 154 
RESULTS AND DISCUSSION 155 
 156 
3.1 Loss of mass during treatments 157 
 158 
 Table 1 shows the values of mass loss during the heat treatment of eucalypt wood. It is 159 
observed that the increase in the treatment temperature promoted a greater loss of mass, while 160 
the change in the treatment atmosphere did not result in significant changes in these values. 161 
 162 
 163 
 164 
 165 
 166 
 167 
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Table 1. Mass loss, in average percentage, occurring during the treatment of Eucalyptus 168 
grandis. wood as a function of the treatment temperature and atmosphere. 169 
Effect Condition Mass loss (%) 
Temperature of treatment 
140°C  6.71 c 
180°C 11.16 b 
220°C 17.34 a 
Atmosphere of treatment 
Nitrogen 12.55 a 
Vacuum 11.32 a 
Vacuum + nitrogen 11.33 a 
Means followed by the same lowercase letters, for each effect along each column, did not differ significantly 170 
from each other by the Tukey test at 5% probability. 171 
 172 
 The mass losses of all the treatments applied are in accordance with the values 173 
indicated by the "Thermowood" process for heat treatment of wood. According to Esteves et 174 
al. (2008), this Finnish patent recommends a minimum mass loss of 3% in order to increase 175 
dimensional stability and at least 5% to increase the natural durability of the wood. However, 176 
some values found in the present study are significantly higher than those found by other 177 
studies, such as Brito et al. (2006), who treated wood of Eucalyptus grandis and Olarescu et 178 
al. (2013), who treated lime wood. These authors verified mass losses of up to, respectively, 179 
9.7% and 9.3% for woods subjected to thermal treatments at 200°C. 180 
 Araújo et al. (2016) heat-treated wood of different species native to Brazil - 181 
Aspidosperma populifolium, Dipteryx odorata and Mimosa scabrella - using treatment, 182 
temperature and atmosphere conditions similar to those of the present study. However, by 183 
using a treatment time of only one hour, the authors found mass loss values of at most 2.21% 184 
for treatment at 220 °C. In addition, mean values in the vacuum condition, relative to the 185 
nitrogen atmosphere, were significantly higher for some species. Compared with the present 186 
study, performed for a longer treatment time (6 hours), it can be observed that, in addition to 187 
the temperature, the heating time has great relevance in the thermal degradation of the wood. 188 
 189 
3.2 Chemical composition 190 
 191 
 Table 2 shows the structural chemical composition of thermally treated eucalypt wood 192 
samples. Changes in the proportions of the components are observed, with increases in 193 
extractive and lignin contents and decreases in holocelluloses contents due to the heat 194 
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treatment in relation to the control samples. However, there was no statistical difference 195 
between the treatments, only those with respect to the control. 196 
 197 
Table 2. Structural chemical composition of Eucalyptus grandis wood subjected to thermal 198 
treatment under different temperature and atmosphere conditions. 199 
Treatment Holocelluloses Lignin Extractives 
Untreated 67.62 28.94 3.44 
Vacuum 
140°C 65.22 29.78 5.00 
180°C 66.46 29.75 3.79 
220°C 61.21* 32.03* 6.77* 
Nitrogen 
140°C 66.67 29.90 3.43 
180°C 65.60 29.58 4.82 
220°C 57.44* 34.81* 7.75* 
Vacuum 
+ 
Nitrogen 
140°C 66.22 30.01 3.77 
180°C 63.71* 31.08 5.21 
220°C 58.96* 33.24* 7.80* 
Means followed by * differ significantly from the control at 5% significance by the Dunnett test. 200 
 201 
 The sum of the contents of hemicelluloses and cellulose is denominated holocelluloses 202 
and corresponds to the most expressive mass fraction of the wood. The reduction in its 203 
contents, mainly in the treatment at 220°C, occurs with the thermal degradation of the wood 204 
starting at the temperatures used in this study. The results are in agreement with Zanuncio et 205 
al. (2014), who evaluated the heat treatment of Eucalyptus wood at different temperatures up 206 
to 230°C and times up to 7 hours. The authors observed the reduction of holocelluloses 207 
contents from 66.27% of the control to 54.12% in the most altered samples. According to 208 
Yang et al. (2007) and Bach et al. (2014), in this temperature range, mass loss occurs mainly 209 
in the fraction of hemicelluloses due to its structure with a low degree of polymerization, 210 
which makes it less stable to heating compared to cellulose, which presents the most compact 211 
and polymerized structure. 212 
 The lignin content of wood treated at 220°C was significantly higher than the control. 213 
Similar results were found by Moura et al. (2012), Zanuncio et al. (2014) and Da Silva et al. 214 
(2016), who observed increases in the lignins concentration when thermally treating 215 
Eucalyptus wood. The lignins contents increased proportionally in the wood because of the 216 
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degradation of other constituents, especially the hemicelluloses, as discussed by Figueiró et 217 
al. (2019). Lignins are phenolic macromolecules with high thermal stability (Yang et al. 218 
2007) and with very low mass loss rates during heat treatment, thus explaining the 219 
concentration of their contents in thermally treated wood. 220 
 In general, the treatments caused an increase, in proportion, in the extractive content. 221 
However, this increase was only significant at the temperature of 220°C, regardless of the 222 
method used, when compared to the control. These results corroborate the results already 223 
found by Zanuncio et al. (2014) and Da Silva et al. (2016), who observed increases in the 224 
extractive content for the heat treatments performed at 230 and 220°C, respectively. The 225 
increase in the extractive content can be explained by the formation and modification of other 226 
compounds, such as the degradation of the hemicelluloses, for example, forming soluble 227 
products in the reagents used for the removal of extractives Esteves et al. (2011), and also by 228 
the formation of compounds during the heat treatment, especially at the higher temperatures. 229 
 230 
3.3 Thermogravimetric analysis 231 
 232 
 Figure 1 shows the curves obtained from the thermogravimetric analyses (TGA) and 233 
their respective derivatives (DTG) of the thermally treated eucalypt wood under different 234 
temperature and atmosphere conditions. The graphs were plotted between the temperatures of 235 
200 and 400°C, because the thermal degradation was more relevant in this temperature range, 236 
and they help to visualize the thermal degradation, allowing us to verify, with the derivatives, 237 
the thermal decomposition peaks of the wood, which has already undergone heat treatment 238 
previously. 239 
 240 
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241 
242 
 243 
Figure 1. Graphs obtained from the thermogravimetric analysis (TGA) and the respective 244 
thermogravimetric derivative (DTG) of thermally treated Eucalyptus grandis woods at 245 
different temperatures - 140, 180 and 220°C - as a function of the treatment atmosphere 246 
condition. 247 
 248 
 Figure 1 shows the increase in stability of the thermal degradation of the thermally 249 
treated wood in relation to the untreated wood (control). The samples submitted to the 250 
treatments at higher temperatures showed a mass loss with late onset and at lower rates, 251 
besides the increase of the residual mass in the thermogravimetric analysis. The effect of the 252 
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treatment atmosphere was less significant in the thermal degradation profiles, and its effect is 253 
discussed later in Table 3. 254 
 The thermal degradation DTG profile of the control samples is divided into two 255 
characteristic mass loss peaks. According to Bach et al. (2014), the first peak, which in the 256 
present study was between 280 and 320°C, is attributed to thermal degradation of 257 
hemicelluloses. The hemicelluloses are more reactive and susceptible to heat action due to 258 
their amorphous structure, less compacted, with a low degree of polymerization and with high 259 
amounts of hydroxyls Yang et al. (2007). The reduction and absence of this peak in the 260 
thermally treated samples indicate, therefore, a lower content of these polysaccharides due to 261 
the thermal degradation that occurred during the treatment. 262 
 The second mass loss peak, which in the present study was between 320 and 400°C, is 263 
attributed to the thermal degradation of cellulose (Shen et al. 2010, Bach et al. 2014). The 264 
peak mass loss for the cellulose is higher than the hemicelluloses, due to the greater amount 265 
of energy required for the depolymerization of the cellulose chain and the breakdown of its 266 
monomers. The increase of this peak in some thermally treated samples suggests a 267 
concentration in the cellulose contents as a consequence of the degradation of hemicelluloses, 268 
as discussed by Da Silva et al. (2016). 269 
 In the DTG graphs it was not possible to observe any mass loss peak that could be 270 
related to lignin degradation. Lignins are macromolecules formed by aromatic units that are 271 
characterised by high stability and thermal degradation, presenting low rates of mass loss 272 
(Yang et al. 2007, Haykiri-Acma et al. 2010). According to Pereira et al. (2013), the final 273 
residual mass presented by the TGA graphs consists mainly of residual lignin molecules. The 274 
higher percentage values of residual mass above 400°C therefore indicate higher lignin 275 
contents in the thermally treated samples than in the control sample. 276 
 Table 3 shows the mass loss percentage values obtained in each temperature range 277 
during the thermogravimetric analysis. The highest variations were observed for the wood 278 
samples submitted to the thermal treatment under nitrogen atmosphere. In this condition, 279 
samples treated up to 180°C showed an increase in mass loss in the temperature range 280 
between 200 and 300°C, followed by a reduction in the range between 300 and 400°C. For 281 
the samples treated at 220°C, however, the trend showed a significant reversal, with reduction 282 
of mass loss between 200 and 300°C and increase between 300 and 400°C. 283 
 284 
 285 
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Table 3. Mass loss (%), during the thermogravimetric analysis, as a function of the 286 
temperature ranges for the heat treatments and the control. 287 
Treatment 
Temperature range (°C) 
Up to 200 200–300 300–400 Residual mass 
Untreated 1.19 12.13 53.16 33.52 
Vacuum 
140°C 0.91 12.73 52.43 33.93 
180°C 1.33 17.53 46.37 34.77 
220°C 1.16 7.17 54.46 37.21 
Nitrogen 
140°C 1.04 15.60 48.08 35.28 
180°C 1.01 18.86 45.17 34.96 
220°C 1.06 5.91 54.58 38.44 
Vacuum 
+  
Nitrogen 
140°C 0.84 13.33 52.15 33.68 
180°C 1.18 15.01 47.61 36.19 
220°C 0.96 6.21 55.06 37.76 
 288 
 As discussed by Candelier et al. (2013), thermal treatments performed under vacuum 289 
and nitrogen conditions present significant differences. According to these authors, unlike the 290 
vacuum that facilitates the removal of the volatile organic compounds generated during the 291 
heat treatment, the nitrogen condition does not allow such an efficient elimination of these 292 
compounds, allowing them to remain for longer in contact with the wood. Some of these 293 
compounds have acidic pH, especially acetic acid, and they act as catalysts to accelerate the 294 
chemical modification reactions of polysaccharides, mainly hemicelluloses. With this, the 295 
nitrogen atmosphere usually presents greater chemical modifications of the wood compared to 296 
vacuum. Although there were no significant differences in our study, similar trends to that one 297 
were observed among the mean values. 298 
 Temperatures of 140 and 180°C are not sufficient to promote significant mass losses 299 
during heat treatment. However, they may initiate chemical modifications in the constituents 300 
of wood, especially hemicelluloses, due to thermal degradation. Thus, the fraction of 301 
hemicelluloses, with their altered chemical structure, tends to be more susceptible to heat 302 
exposure, increasing their mass loss between 200 and 300°C. As a consequence, the mass loss 303 
between 300 and 400°C tends to decrease. In addition, the milder heat treatments promote an 304 
increase in the crystallinity of the cellulose and its thermal stability (Esteves & Pereira 2009), 305 
also contributing to the lower mass loss in the mentioned temperature range. 306 
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 The most intense heat treatment, applied at 220°C, was sufficient to degrade a 307 
significant part of the hemicelluloses, thus concentrating the cellulose and lignin contents in 308 
the final solid fraction, as discussed in Table 2 and Figure 1. With this, the wood samples 309 
treated at that temperature showed lower mass loss between 200 and 300°C during the 310 
thermogravimetric analysis. The loss of mass in the temperature range of 300 to 400°C and 311 
the residual mass above 400°C presented higher values in relation to the control, due to the 312 
higher concentrations of cellulose and lignin, respectively. 313 
 314 
4 CONCLUSIONS 315 
 316 
 According to the results obtained in the present study, for thermally treated Eucalyptus 317 
grandis wood up to 220°C under vacuum and / or nitrogen atmosphere, it can be concluded 318 
that: 319 
 The temperature has a direct effect on the heat treatment efficiency of this wood, 320 
promoting gradual increases in mass loss, while the treatment atmosphere has a less 321 
significant effect. 322 
 The thermally treated wood presents significant changes in the proportions of the 323 
chemical constituents, mainly due to the increase in temperature, such as lower 324 
holocelluloses contents and higher lignin and extractive contents in relation to the 325 
control samples. 326 
 There was greater thermal stability, with a delay at the beginning of mass loss and an 327 
increase in residual mass values during thermogravimetric analysis. 328 
 For the eucalypt wood, the nitrogen atmosphere tends to present larger changes in the 329 
chemical components when compared to the vacuum atmosphere as a function of the 330 
temperature increase. 331 
 The results show that the heat treatment is capable of promoting significant changes in 332 
the structure and chemical composition of Eucalyptus grandis wood and allows us to observe 333 
the best temperature and atmosphere according to the level of chemical decomposition and 334 
mass loss. It is interesting to seek methods that treat the wood causing the least damage 335 
possible for its use. These changes are reflected in the other indices of material quality, so it is 336 
necessary to know the treatment condition capable of promoting the most advantageous 337 
increments to the purpose for which each type of treated wood is destined. 338 
 339 
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